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Outline

 GammeV — Axion
 Light-shining-though-wall concept
e GammeV results

 GammeV — Chameleon
e Chameleon background information
e Particle-1n-a-jar concept
e Chameleon results

e Future GammeV projects



Axions, the Other Dark Matter
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Axions, the Other Dark Matter
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Axions, the Other Dark Matter

Pseudoscalar coupling 1 o ~ b = =
to two photons. Lint = _ZMF}LL‘FMV = J\_J(E - B)

This process gives the “laser”

experimental results. .
(BFRT Experiment)
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GammeV — Axion: Motivation
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GammeV - Axion: Concept

e Plunger design allows us to
adjust the lengths of the
magnetic field regions

e Pulsed laser improves signal-

to-noise ratio (~200)
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e Taking data in two different
configurations allows us to
probe the entire region
surrounding the PVLAS signal



GammeV — Axion: Realization

Warm Bore Magnet Dark Box
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GammeV — Axion: Results
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GammeV — Axion: Results
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Tan region: BFRT 3-sigma exclusion Red line: GammeV 3-sigma exclusion center position

Pink region: PVLAS 3-sigma detection Blue line: GammeV 3-sigma exclusion edge position
Green line: BMV 3-sigma exclusion Black line: GammeV 3-sigma combined limit



Chameleon Particles

e New scalar field with nontrivial potential and coupling to the

energy—momentum tensor

e Mass i1s a strong function of the local energy density
e Hides the axions of string theory (Khoury/Weltman)
e Evades star cooling limits and tests of gravity

Sketch of chameleon machanism: Low Density Backaround
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Sketch of chameleon mechanism: High Density Background

Effective minimum
o= _Lp)
[

Mass of & near B is
large bacauss '-.Faﬁis

quits steep near q_.

Wb et
— — —Bip &/ r'.'1p|:l|"
Vorrt®)

Mota & Shaw 2007




Chameleon Particles

e New scalar field with nontrivial potential and coupling to the

energy—momentum tensor

e Mass i1s a strong function of the local energy density
e Hides the axions of string theory (Khoury/Weltman)
e Evades star cooling limits and tests of gravity

Sketch of chameleon machanism: Low Density Backaround

Vi)~ ot
— — —Bip -:-'r-.-1p|:|p
Vaps ()

Effective minimum
i = |_-c[|'-]

Mass of § near ¢ is
small becausa W 1fis

quite flat near 0

Sketch of chameleon mechanism: High Density Background

Effective minimum
o= _Lp)
[

Mass of & near B is
large bacauss '-.Faﬁis

quits steep near q_.

Wb et
— — —Bip &/ r'.'1p|:l|"
Vorrt®)

Mota & Shaw 2007

NB: The simplest models predict m_.. ~ p°.




GammeV — Chameleon: Concept

Strong matter effects cause the warm bore walls and
vacuum windows to act like fully reflective mirrors.



GammeV — Chameleon: Concept

Strong matter effects cause the warm bore walls and
vacuum windows to act like fully reflective mirrors.
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The laser shining into the cavity will fill the “jar” with chameleons.



GammeV — Chameleon: Concept

Strong matter effects cause the warm bore walls and
vacuum windows to act like fully reflective mirrors.
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After the jar 1s filled and the laser 1s turned off, you should see an
afterglow as the chameleons reconvert to photons and escape.




GammeV — Chameleon: Concept
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GammeV — Chameleon: Concept
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GammeV — Chameleon: Concept
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GammeV — Chameleon: Concept
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GammeV — Chameleon: Concept

* Chameleon aspect was part of the original GammeV objectives
e Use existing equipment and experimental setup

e Fill the cavity for 5 hours in each of the two polarizations

e Collect data for 1 hour 1n each of the two polarizations



GammeV — Chameleon: Concept

* Chameleon aspect was part of the original GammeV objectives
e Use existing equipment and experimental setup

e Fill the cavity for 5 hours in each of the two polarizations

e Collect data for 1 hour 1n each of the two polarizations

Important Assumptions

e Chameleon self-scattering is negligible and they do not decay
into lighter particles over the course of the experiment

e Chameleon particles must reflect off of all solid surfaces
and the region between the vacuum pumps

e Chameleon particles cannot stick to the walls



GammeV — Chameleon: Results
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GammeV — Chameleon: Results

Clonfignration | Fill Time (=) |3 photons| Vacuum (Torr) | Observation (=) |Offset (s)[Mean Rate (Hz)
Pseudoscalar | =324 A.oAUn2A 20-T 3602 319 [25
Scalar | 5] 25 2 G0e23 le-T 3616 | OO L)1

Bouncing trajectories give model dependent regeneration rates

e Assume maximal photon conversion for
upper limit on photon coupling
(photons escape before observation)

e Assume minimal photon conversion for
lower limit on photon coupling
(photon rate below detection threshold)




GammeV — Chameleon: Results
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Detector systematic uncertainty dominates; we exclude models
which would produce signals larger than 36Hz for a > 0.8.



GammeV — Plans for the future

Improved chameleon
afterglow experiment.

Environmental Control
and Monitoring System

Better Vacuum| Lens PMT
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Conclusions

« GammeV Axion search excludes the particle interpretation
of the PVLAS signal at more than 5-sigma.
e Variable baseline and pulsed laser are key aspects of the
experiment

« GammeV Chameleon search can probe interesting
chameleon models
 First application of the particle-in-a-jar method

e Improved experiments for both axions and chameleons are
under development.

Axion results: PRL 100, 080402, (2008). arX1v:0710.3783
Chameleon results: PRL Submitted (2008). arXiv:0806.2438



Chameleon Particles

Evades short-range tests of gravity via “thin shell” mechanism
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Chameleon Particles

Evades short-range tests of gravity via “thin shell” mechanism
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Chameleon Particles

Evades star cooling limits due to large mass in stellar environment
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Chameleon Particles

Evades star cooling limits due to large mass in stellar environment
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GammeV — Chameleon: Results




